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I NTRODUCTION 
Stripe snut, ~stilago striiformis (West . ) Niessl var. agrostidis 
(Davis) Thir. ond Dick ., is a perennial pathogen of Agrostis palustris 
Huds . Sever al cultivnrs of !· palustris ur e infected by s tripe smut 
(13, 21, 23). The pathogen pr oduces longitudinal sori in leaves which 
mature and rupture the epider:nis . ·rhe disease is perpetuated through 
developing axillary buds on stolon nodes . Mycelium of the pathogen 
proliferates in nodes and gr ows witi; stolons produced from axillary 
buds (26). Disease development end growth of t he pathogen in stolons has 
been shown to be influenced by temper ature (25). 
Numerous attempts have been made to control Q. striiformis through 
the U3e of fungicides ~nd cultural practi ces. Sever al fungicides, including 
2,J-dihydro- 5- curboxanilido- 6-methyl-1,4-oxathiin-4,4-dioxide (DCMOD) 
(1 t ) , pentacnlor onitrobenzene (PC~~) (13), and disodiurn ethylene bis-
dithiocarba~ate (Nabam) (.34) have boen shown to suppress stripe smut. 
Among cultural practices, t.ne use of urea (35) o.nci other f ertilizers (17) 
a .ipearsto s timulate growth and allow plants to temporarily outgrow the 
pathogen. Recently, Hardison (20) reported control of Q. s triiformis 
in !· palu~tris with 1-(butylcarbamoyl) - 2-benzimidazole carbarnic acid , 
methyl es t er (Benomyl, Benlnte, FunGicide 1991). This fungicide also 
provided control of Q . ..s_triiformts in .E2J! pratensis L. (J, 16, 28) . 
The purpose of this study was t o deter mine t he rate of Q. striiformis 
eradication by Benlate and its infl u0nce on ! · palustris . 
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REVIEW CF LITERATURE 
Stripe smut, Ust ilago striifc~mis (West.) Niessl var. agrostidis 
(Davi s ) Thir. and Dick., i s a leaf smut that infects creeping bentgrass 
Agrosti s nalustris Huds . (4, 21, 24) . Stevenson (44) re!'orted that the 
specifi c name striiformis was established by Westendorf in 1852. In 
1876, Niessl transfered t he species from the genus Uredo to Ust i lago. 
Osner (36) reported that although the origin of the disease is unkno'Wil, 
it was firs t recorded in Ita.ly on Holcus mollis L. by Cesati in 1850. 
Osner states t hat Trelease fi rst re~orted stripe smut in the U.S. in a 
paper presented t o the Wisconsin Academy of Science in 1882. Stripe smut 
was first re?orted in I owa on Fhleum prat ense L. (timothy) by Pammel 
et al. (37). Pamrnel stated that pl ants were marked with longitudinal 
lead col or ed sori which often extended to the tips of the leaves . As the 
plants became older, the epidermis of the leaf ruptured and exposed the 
spores. Sym:·toms were s imiliar on different hosts according to Thirumala-
char and Dickson (46) and ot hers (10, 26 ). Shredding of t he foilage 
fo llows maturation of the sori. 
Dicaryotic mycel i um develops between cells of the mesophyll tissue. 
Mycelium is also abundant around cells adj oi ning t he vascular bundJ~. 
Davis ( 5) noted that t he striations which spl it open occurred not only on 
the l eaves , but also i n r achises , r achil lae , glumes , lemmas, paleae, 
stamens, and ovaries of timothy and Agrostis alba L. (redtop) . Investi-
gations by Davis (6) showed that t liere were several physiological varieties 
of Q. striiformis . Spores of one r ace r ar el y i nfect other grass species. 
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Thirumalachar and Dickson (46) also re~orted different varieties, one 
beinc agros~idis on !· palustri s . Fischer (1 2) noted that collections 
of ~. stri iforn:is from Agropyron trachycaulum (~. pauciflorum) (Link) 
V.alte. (slender wheat gruss) could not infect redtop, Poa pratensis L. 
{Kentucky bluegrass) , or timothy. Davis's examinations also pointed out 
that spores germinated better if they were given a r esting period and 
were kept at 22 C. Kreitlow (31) agreed that age was important in 
germination of spores. Kreitlow stated that at 32 C, mortality is greater 
in stripe smut infected stolons of bluegrass. Kreitlow and Meyer (32) 
believed that stripe smut vas a prime cause of yield reduction of bluegrass 
pastures during drought conditi ons . Plugs of bluegrass sampled from pas-
tures in Pennsylvania and West Vir ginia were at least 25% infected. 
Gaskin (13) and Halisky et al . (17) both found that the application 
of gr anular or aqueous nitrogen fertilizers proved to be ineffective in 
r educing the disease . Varying the cutting height and application of 
Zineb drenches were also ineffective. Suppression of sporulation of 
stripe smut in~. palustr i s was observed by Hardison (1 8 ) using JO pounds 
per acre of DCMOD (2,3-dihydro- 5-carboxanilido-6- methyl-1,4-oxathiin-4,4-
dioxide). This r i te gave 90~ control for four months . A~er four months, 
chemical activity declined a.nd syn.rtoms reappeared. Hardison believed 
that a longer r esidual l i fe of t he chemical would be needed for protection 
against r einfection since hi gher r ates exhibited some phytotoxicity. 
Hardison (20) reports t hat Benkte also has shown chemotherapeutic activity 
against stripe smut infectio11s of f:.: . palustri. 
Fylking Kentucky bluegr ass has shown resistance to stripe smut 
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according t o Jacklin (27). Halisky et al. (14, 16) found Benlate and 
pentachloronitrobenzene (PCNB ) success: ul in control ling stripe smut on 
Merion bluegr ass . Fi ve applications of Benlate were required using 6 
ounces of acti ve material per acre. Two 32 ounce applications of active 
PCNB appl ied wit h granular 14-3-3 fertilizer pr oved effective, although 
some phytot oxicity wa s observed. Similiar results were observed by 
Partyka ( 38) in Ohio with no phytotoxicity present . Halisky et al. (14, 
16) , Delp, and Klopping (7) found t hat Benlate was ef f ective in controlling 
stripe smut i n Eerion bluegrass. Smith (42) reported that Benlate was 
phytot oxic on t urf in Australia . Lukens (33) observed that cholorneb 
ef f ectivel y contr ol l ed stripe smut in Herion bluegrass if several 
appli cations were made . 
Fungici des possessing systemic activity were compared by Worf and 
Ahr ens (49) on Merion bluegr as s i nfected with stripe smut. Benlate and 
UniRoyal G696 wer e r epor ted as r educing t he amount of disease. A t hird 
funGicide , Vitavax, i nduced phytotoxic chlorosis and red~ced till ering. 
Stubbs (45) repor ted t t at r oot absorption is the most effective means of 
evaluating these syst en:ic fungicides . 
Other pathogens reportedly cor.~rolled by Benlate include Rhizoctonia 
solani Kuehn in Gossypi um hi r sutum L. (cot ton) (1) , Cerat ocystis ul mi 
(Buism.) C. Moreau i n Ul mus ar~ericana L. (American Elm) (23) , Cercospora 
beti cola Sacc. in Bet a vulgar is L. (sugarbeet ) (43) , Verticillium albo-
~ Reinke and Berth . of cotton ( 11) , and Gloeotinia temulenta (Pril l 
and Del. ) Wilson , Noble, and Gr ay in Lolium r,erenne L. (perenni al ryegrass ) 
(19 ) . At suolethal concentr ations (10 ppm), Sol el (43) reported t hat 
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benzimidazole derived fungicides, including Benlate, produced abnormal 
spore germination, numerous and distorted germ tubes in Cercospora. 
Schroeder and Provvidenti (41) found that a Benomyl resistant form of 
Erysiphe cicnoracearum DC. (Powdery mildew) developed profusely on leaves 
of treated C~curbita J2!U2Q L. This suggests the possibility that the 
fungus was becoming dependent on Benlate, or that Benlate was interfering 
with the expression of inherent tolerance within the host. Schroeder 
also found that Benlate is most effective in young plants. More efficient 
uptake and utilization takes place in young plants or actively growing 
tissue. Schroeder also reported phytotoxic symptoms on f. ~ L. 
Using silica gel chromatogra.rr.s, Benlate separated into two toxic 
components in experiments conducted by Clemons and Sisler (2) and 
Peterson and Edgington (39). One comµonent was the original Benomy1 and 
the other was benzimidazole carbar..ic acid methyl ester (BCM). Both 
components exhibited anti- fungal activity on Sacchrom.yces pastorianus 
Han. but Benlate was 30 times more toxic than BCM. The unstable nature 
of Benlate in aqueous environments indicates that anti-fungal activity 
at sites removed from areas of application should be attributed to 
BCM or its derivatives and not Benlate (40). 
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MATERIALS AND METHODS 
Greenhouse Experiment 
Stripe- smutted Agrostis palustris Huds . 'Arlington' was used for all 
experiments. Stolons were collected and examined for sori in the laminae . 
Nodes adjoining stripe- smutted leaves were used for propagation. Stolon 
lengths about 2.5 centimeters long, each possessing a node , wer e propagated . 
Stolon lengths from control plants were propagated in the same manner. 
All stolons were propagated in a 2:1 soil:peat mixture in 3 inch clay 
pots . Pots and soil were autoclaved under 15 pounds of pressure at 
95- 100 C for 25- 30 minutes. Plants were then watered with tap \o/B.ter 
and allowed to drain overnight before planting stolons . 
The experiment consisted of four treatments in which Benlate was 
applied as a drench in 100 milliliters of w~ter to the plants at rates 
approximately equivalent to 0.25 oz. (? . 09 g), 0 . 50 oz. (14 . 18 g), and 
1.5 oz. (42.54 g) active r.'8.terial/ 1000 ~2 , respectively (Table 1) . 
The fungicide was kept in suspension during application with a magnetic 
stirrer. Plants were watered twice daily with tapwater until the 
experiment was terminated. Each treatment consisted of 135 plants arranged 
as a 5x3 factorial in completely r andom design. The model used to 
class ify the data was as fol lows : 
Xodel 
Limits 
Yijk = µ + Ai + Bj + ABij + Eijk 
).l = O; 1 = r ates of Benlate, 3; j = weeks, 5; 
k = replicati ons , 10. Ai = effect of Benlate; Bj = effect of weeks; 
ABij =interaction; and Eijk =experimental error NID (o ,a2) . 
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Table 1. Conversion of field appJlcation r ates of Benlate to equivalent 
r c..tes for greenhouse and in ~ experiments on a grams of 
mat erial per area basis . 
2 
b Grams/ cm /1 0 cm Application a Grams/cm2/7.6 cm pot petri dishc Treatment 
1 0 0 0 
2 7.09 0.07 0.13 
3 14. 18 0 . 14 0.25 
4 42.54 0.43 0.75 
aGrams of active m.e.terial/18 . 95 Liters (5 gallons); treatments 2, 3, 
and 4 equivalent to 9. 25, 0.50, and 1.50 ounces, respectively, on an 
area of 929,030.0 cm (1000 sq. ~.). 
bGrams of active material in 100 mls of wate~ 
cGrems of active material in 20 mls of agar. 
Systemic activity of Benlate was keasured by collecting plants 
from each treatment at weekl y intervals beginning one week after appli-
cation. Ten entire pl ants were collected the first five weeks, washed 
and t r anspla!"lted to soil free of Benlate . After five weeks, five stolons 
were col lected from plants of each treat:~ent and divided into 2. 5 centi-
meter :engt hs , each pos . es s ing one ~1ode . The se lengths were serially 
pr opagat ed according t o t heir or iginal position on t he stol on . All 
stol on lengt hs were propagat ed in p:::.ast ic flat i nserts (Cell- Pak Inserts, 
Geo J . Ball, Inc.) previously rinsed with LF- 10 disinfectant (potassium 
8 
ricinoleate; o-be~zl-p-chlorophenol; isopropyl alcohol; tetrasodiwn 
ethyenediamine tetraacetate ; and ethyl alcohol). Plants were allowed 
to develop in un·~reated soil for 15 weeks and were exam~ned for reoccurrence 
of stripe smut . Stolons of remaining plants of each treatment were counted 
and dried at 50 C for 48 hours to determine dry matter pr oduction. 
Stolon-dry matter data applied to the following model: 
Xodel Yijk = µ + Ai = Bj + ABij + Eijk 
Lim.its µ = O; i = rates of Benlate , 4; j = smutted or 
healthy plants; k = replication, 10. Ai = effect of Benlate; Bj = 
effect of smutted or healthy condition of plants; ABij = interaction; 
and Eijk =experimental error NID (0,62). 
Histopathological Experiment 
Entire ?l ants Lnd stolons were also collected at weekly intervals 
and fixed in FAA. Plants were dehydrated in an ettanol-tertiary butyl 
alcohol series (Jensen, 29). Dehydrated plants were placed on 61 C 
Tissuemat in TBA and placed in a vacuum oven at 62 C for 4 hours. A~er 
one 12 hour change of molten Tissuemat, specimens were embedded in 61 C 
Tissuemat and stored in a cool area. Longi~udinal sections 8- 10 microns 
thick wer e m1de on a rotary microtome . Sections were floated on formalin 
on 3x1 inch microslides which had been covered with Haupt's adhesive 
(Jensen). Slides were dried at 45 C for 12 hours and stained using the 
following series: 
1 . Xylene 15- 20 min. 
2. Xylene 15- 20 min . 
3 . Xylene 15-20 min. 
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4. 2:1 Xylene:ETOH (95%) 10- 15 min. 
5. 1:1 Xylene:ETOH (95%) 10- 15 min. 
6. 95% ETOH 2-5 min. 
7. 70% ETOH 2-5 min . 
8. Chlorozal Bl ack E (in 70% ETOH at ph 4.0 .concentration 1%) 
14- 15 min. 
9. Wash 70% ETOH 2-5 sec. 
10. Erythrosin (in 7CJ1, ETOH concentration 0.1 %) 5-8 min. 
11 . Wash 70% ETOH 1- 2 sec. 
12. Wash 95% ETOH 1-2 sec. 
13. Wash ETOH (absolut e) ; -2 sec . 
14. Wash 1:1 Xylene:ETOH (absolute) 1- 2 sec. 
15. Xylene 10- 20 min. 
16. Xylene 10- 20 min. 
No. 1 cover sli ps, 22x40 millimeter~ , were attached t o the s l ides with 
8arleco Synthetic Resin. The slides were dried f or 48 hours at 45 C. 
In Vitro Experiment 
Cultures of g. striiformis were i nitia ted by collecting teliospores 
from l eaf blades surface s terilized in 5% Cl~rox (5 .25% sodium hypo-
clori~e) for 5- 10 seconds . Teliospores were colJccted on the tip of a 
scalpel and streaked across a petri dish containing Fischer 's r.edium ( 12) . 
Str epto!Pycin (0.02 g/200 ml) was added to agar to r etard growth of 
bacte ial contami nants . Plates were pl aced in an i ncubator with a 
day-night temper ature of 24 C and 12-14 hours of 20C-400 ft- c. daylength . 
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Developing cultures were transferred to streptomycin free plates af'ter 14 
days. In vitro experiments were conducted to determine the effect of 
Benlate on de7elopment of Q. striiformis in culture. 
Equivalent r a tes Culture medium was prepared in 200 milli-
liter stocks and autoclaved for 30 minutes at 15 pounds of pressure. 
Benlate was added to the medium with a 50 gauge syringe to correspond 
with treatments of Table 1, res~ectively (Table 1). Ten plates were 
poured from the stock medium and ~laced in an incubator at 24 C and 200-
400 ft-c. Using an 8 millimeter cork borer, plugs of li· striiformis 
were taken from stock cultures and placed on the surface of media contain-
ing Benlate. Control plates were !·repared in the same manner. At t he 
end of 30 days, the thallus was removed from the agar, dried at 54 C 
for 48 hours, and weighed to obtain dry matter pr oduction. 
Effective ~ Serial dilutions containing 10-1 to 10-7 grams 
of Benlate per 20 milliliters of medium were prepared in the same 
manner. The plates were seeded with one 10 millimeter disk of li· striiformis 
and placed in the incubator at 24 C and 200-400 ft- c. for 30 days. 
Dry matter measurements were made by coll ecting the entire thallus, 
drying, and weighing it after 48 hours. 
11 
RESULTS 
Pro~essive Eradication of Stripe Smut in Stolons 
Reoccurrenoe of stripe smut in whole pl ants of all treatment s 
declined as treatment length increased from 1 t o 5 weeks (Table 2). 
Stripe- smutted control plants were 100% stripe smutted, while healthy 
plants of all treatments were free of stripe smut . Stripe smut symptoms 
persisted in most plants following one week exposure t o Benlate at all 
rates. Symptoms on plants transplanted following one and two weeks 
exposure to Benlate were severe and resembled those of stripe-smut ted 
control p~Qnts . Plants exposed three to five weeks exhibited few scri, 
usually on new leaves emer ging near the base of the p~ant. After the 
firs t week, plants in all treatments showed pr ogressively f ewer sori 
reoccurring in new gr owth (Table 2) . Reoccurrence of sari was also 
reduced as rates of Benlate increased; in t reatments J end 4, no sar i 
reoccurred following 4 and 5 weeks exposure to Benlate . Interactions 
between weeks and treatments were significant , indicating t hat more 
fungicide requires less time t o eradicate stripe smut fron the host . 
No stripe smut sympto~s were visible on plants propagated fro~ 
s t olon pieces exposed to Benlate for 5 to 10 weeks. All stripe-smutted 
contr ol stolons producedstripe-smutt ed plants . Healthy plants produced 
no symptoms . 
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Table 2. Nunber of t.re..ns:,lanted whole plants showing stri::ie sni.ut 
symptoms after 15 weeks f ollowing 1 to 5 weeks exposure to 
Treatr.ient 
Healthy 
1 
Smutted 
2 
3 
4 
Means b 
Percent 
a 3 rates of Benlate 
1 2 
0 0 
10 10 
9 9 
10 6 
9 4 
9. J 6 . 3 
93 . 0 63 . 0 
aTen possible 
Weeks 
3 4 
0 0 
10 10 
4 2 
2 0 
1 0 
2 . 3 o.6c 
23 . 0 6 .0 
5 
0 
10 
1 
0 
0 
0 . 3c 
3 . 0 
Meanb 
per-
cent 
10. 0 1 oo.o 
5. 0 50. 0 
J . 6c 36. 0 
2. &;: 28 . 0 
br.iean values followed by t~e same letter have no significant differ-
ence at the 5% level on Duncan's new multiple range test . 
Dry Matter Production 
DrJ matter of all treated pla~t.s decreased with increasing r ates of 
Benlate, with the exception of stripe-smutted plants in treatment 2 
(Table J) . Differences between healthy control plants and stripe- smutted 
control plants 'I.Vere present, but not significa nt. Stripe- smutted plants 
produced more dry matter t han tea~thy pl~nts in all treatments (Table 3). 
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Table 3. Dry weight of healthy and stripe-smutted A.· palustris exposed 
No. of 
plants 
a to Benlate for 15 weeks 
1 2 
Treatments 
3 
sampled Healthy Smutted Healthy Smutted Healthy Smutted 
1 11 . 0 12 . 8 5.7 18. 0 6.0 1 J.3 
2 12. 0 12.0 8. 2 16. 1 5.4 J.3 
3 14.5 12.8 5.0 9.8 J .5 3.2 
4 17.9 11.0 10.5 2J. 8 1. 0 9. 8 
5 12 • .3 12. 5 5.8 13. 0 7. 2 8.8 
6 5.5 12. 2 8. 0 16. 2 6. 1 12. 2 
7 18. 5 10.8 9.8 16.3 7.6 5. 9 
8 12.1 11 .o 8 .0 18 . 8 1.6 7. 9 
9 12.1 6.2 14.1 4.0 14.2 
10 6.8 12 . 9 6.8 13. 9 4.2 16.8 
11 10. 8 11.0 9 .1 13.4 3. 9 10.2 
12 20.1 11.1 7.2 16. 1 1.J 14.9 
13 6 .7 12.0 4.9 21 . J 3. 9 1. 5 
14 6.J 11.5 8.8 25.2 4.4 12.2 
15 8.0 11 .2 9.2 15.2 7.J 1.8 
16 11 .0 11 . 1 9.0 15.0 4 . 0 1.8 
17 12 . 1 0 .4 12 .1 3.8 8. 8 
18 7.8 12. 9 8.2 15.5 8.8 11 . 7 
19 8.1 12. 6 6.6 14.9 6. 0 14.4 
o.All figures in gra.Ms. 
4 
Healthy Smutted 
1. 9 10.1 
6. 1 1 • 1 
1.0 
6. 2 1.6 
8.J 1.2 
3. 2 6.2 
J.1 13.0 
8.5 
5. 0 8. 3 
5.J 6 .1 
5.9 8.5 
6. 0 13. 7 
6.7 
1.5 3. 2 
6.3 8.5 
5. 1 8 . 7 
J . 5 15 . 2 
2. 0 8. 0 
12 .5 
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Table 3 (Continued) 
No . of Treatments 
plants 1 2 .3 4 
sampled Healthy Smutted Healthy Smutted Healthy Smutted Healthy Smutted 
20 8.6 12.6 7.0 15 . 0 8.4 4.1 10.8 19. 0 
21 12.8 5.7 14.2 4.9 2.0 11.9 2.9 
22 12. 2 J.5 12.8 4 • .3 4.0 5.7 10.0 
2.3 7.0 11.9 4.6 11.9 5.5 10.9 5.0 5.3 
24 8.2 12.8 6. 8 0. 2 3 • .3 7.9 1.1 0.1 
25 16. 5 10. 5 3.0 18.1 4 . 1 7. 3 5.5 0.2 
26 8.0 13.0 .3 . 9 17.2 .3. 5 0.9 5.7 0. 1 
27 8. 6 4.5 2.5 12.2 7.3 7.2 8 . 1 0. 1 
28 8.1 10.9 5.8 7.0 4.6 9.8 2. 3 0.3 
29 7.9 13.8 3.2 4.8 2.3 21.9 2. 0 13.1 
30 11.0 13.6 3.3 11.2 6.4 1 o.o 5. 8 11 .0 
31 9.2 4.9 3.5 11 . 0 7 .1 0.1 5.8 11.2 
32 10.0 13.2 10.0 6.2 4.9 10.1 2. 0 5.9 
33 9.2 14.5 5.5 7.0 4.6 1.6 7 . 1 10. 0 
34 4.1 3.6 5.4 3.3 1.0 6. 1 
35 8.0 14.2 5.7 4.9 7.0 o.e 4.0 
Total 313.8 403.8 216.8 457 . 6 168. 8 178.5 155.7 234 .7 
V.eans b 10. 2 11.5c 6 . 2 13.9c 4.8 7. 6 6.9 5. 1 Difference 1.3 7. 7* 2.8* 1. £ 
b 
5% = 2.0 Means followed by the L.S.D. @ sarae letter have no significance. 
*Student's t - test of significant ~ean differences 
at 5% level. (Healthy vs . Smutted) 
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Stolon Development 
Stolon numbers of all treated plants increased with increasing 
rates of Benla t e (Table 4) . Mean differences between heal thy or stripe-
smutted control plants were nonexistent. Among healthy plants, Benlate 
increased s t olon numbers, wi t h t he lar gest increase occllrring at t he 
l owest r ate (Table 4) . Anong stripe-smutted plants, no s i gnificant differ-
ence in stolon production occurred except at t he nighest rate of Benlate 
(Ta.ble 4). Anal ysis of variance i tJdicated no significant interaction 
between heal t hy and stripe-smutted ~lants . 
Tabl e 4. Number of s t ol ons pr oduced oy !1ealthy and s t ripe-smutted 
~. nalustris exposed to Benlat e for 15 weeks 
No . of Treatments 
plant s 1 2 3 4 
sampled Healthy Smutted Healthy Smutted Healthy Smut ted Healthy Smutted 
1 11 11 20 16 20 31 15 11 
2 17 16 13 18 18 12 12 21 
3 15 10 18 17 17 19 .25 
4 15 13 16 17 13 16 20 34 
5 14 12 14 22 13 14 21 7 
6 16 13 10 18 15 8 17 23 
7 22 14 17 21 20 18 19 7 
8 15 13 13 13 15 17 24 
9 16 18 20 8 12 19 19 
10 16 21 19 12 23 15 9 18 
16 
Table 4 (Continued) 
No . of Treatments 
plants 1 2 3 4 
sampled Healthy Smutted Healthy Smutted Healthy Smutted Healthy Smutt ed 
11 7 17 11 15 7 17 20 26 
12 9 12 14 17 11 19 15 
13 17 14 14 12 13 23 11 31 
14 13 13 22 9 12 14 17 13 
15 14 11 20 22 14 12 18 16 
16 17 15 19 7 11 17 23 29 
17 15 14 21 21 1.3 23 12 15 
18 19 16 20 15 5 20 18 
19 18 16 19 15 13 15 23 
20 10 16 20 1~ 17 22 17 15 
21 17 22 14 18 18 21 17 
22 i 5 17 18 21 ·9 10 18 
23 17 7 11 16 15 24 21 25 
24 20 19 18 16 16 25 18 27 
25 12 20 15 10 12 15 27 1 
26 13 16 17 19 17 12 19 1 
27 18 15 15 17 13 16 15 1 
28 19 23 18 15 15 8 8 14 
29 20 16 21 7 11 11 21 13 
JO 17 15 17 1 f. 14 15 11 17 
31 16 14 19 18 15 7 18 10 
17 
Table 4 (Cont inued) 
ifo . of Treatments 
1 2 3 4 plants 
sampled Healthy Smutted Healthy Smutted Healthy Smutted Healthy Smutted 
32 15 10 20 15 17 19 13 18 
33 14 17 22 16 12 11 17 15 
34 19 18 20 16 18 8 
35 22 16 18 14 15 22 
Total 477 529 602 525 518 550 521 595 
Means a 15 .3c 15.1 c 17.0 15.9c 14.5c 15.4c 16 .8 17. 5 
aL.S.D.@ 5% = 1.46 Mean values follo"Wed by the same letter indicate 
no significant differences. No significant differences between smutted 
and healthy plants. 
Histopat hology 
V.ycelium was present in nodes of all s tripe-sr.rutted control plants 
(Fig . 1) . Presence of mycelium decreased in each younger node as time 
and r ate of Benlate increased (Tabl e 5). After 4 and 5 weeks of exposure 
to Benlate at t he highest rates (Treatfilents 3 and 4), Q. striiformis was 
virtually eradicated. Mycelium "Was absent in both healthy and stripe-
smutted stolons sampled a.fter 5 to 10 weeks exposure to Benlate . 
In Vitro Studies 
Ten millimeter cores of Q. striiformis placed in petri dishes 
containing Fischer's medium ~2) with concentrations of Benlate equivalent 
to t hose applied to pots in greenhouse experL~ents "Were killed (Table 1) . 
A.11 cores transferred back to Fischer's Eed:ium witb.out Benlate after 30 days 
failed to grow. 
Figure 1. Longitudinal sections of Agrost is naluctris nodes infected 
wi th Ustilago stri jforrnis and stained with Chlor azol Black 
E at ph 4.0 with Erythrosin as a counterstain 
A. X40 
B. X100 (oil ime~·sion) 
c. X40 

20 
Concentrations of Benlate added to Fischer's medium (12) ranging 
from 10- 1 to 10- 7 grams per plate had varying effects on growth of 
U. striiformis (Table 6) . Concentratious of 10- 1 to 10- 3 gr ans inhibited 
dry- matter production in g. striiformis , while concentrations of 10-4 
- 7 to 10 grams stimulated dry matter production in excess of controls 
(Fig. 2) . 
Table 5. Serial sections of nodes from serially ~ropagated stolons of 
No . of 
nodes per 
stolon 
oldest 
1 
2 
3 
4 
5 
6 
youngest 
stri pe- smutted plants exposed to Benlate for 1 t o 5 weeks 
1 
Weeks 
1 2 3 4 5 
+ + + + + 
- + + 
+ + 
+ + 
+ + 
+ 
Treatmentsa 
2 
Weeks 
1 2 3 4 5 
+ + + + + 
+ - - + 
+ 
3 
Weeks 
1 2 3 4 5 
+ + + - -
+ -
+ 
4 
Weeks 
1 2 3 4 5 
+ + + + -
+ -
a+ indicates presence of mycelium; - indicates no mycelium visible. 
Presence or absence of g. striiformis determined on the basis of two 
samples per week. 
Figure 2. Mycelium of Ustilago striiformi s growing on cultures of 
Fischer ' s lv!edia which contai ned decreasing concentrations 
of Benlate 
A. Control 
B. 10-
2 
grans per plate 
C. 10:3 grams per Flate D. 10 gra.~s per plate 
• 
Figure 2 (Continued) 
E. 10-4 gra:·.s per plc:te 
F. 10-5 gra'lls per ;;late 
G. 10-6 grams per plc>.te 
H. 10-7 grams per plate 
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Table 6 . Mycelial growth of ~ . striiformis incubated fo r JO days on 
Fischer 's media containing Benlate at concentrations r anging 
- 1 - 7 
f rom 10 to 10 grams per pl.ate 
Dry Weight in Grams 
No. Contr ol 10- 1 10- 2 10- 3 10 
-4 
10 - 5 10- 6 10- 7 
0. 254 0. 024 0 . 045 0. 057 0. 292 0. 289 0 . 318 0.)90 
2 0.262 0. 028 0. 049 0. 088 0. 308 0 . )21; O. J38 0 • .322 
J 0.239 0. 026 O. OJ6 0.099 0 .2J8 O. J01 0 . 361 0. 312 
4 0 .269 0. 0.31 0.031 0. 083 0.296 0.341 O.J67 O. J31 
5 0 • .305 0.029 0. 053 0.078 0.251 O. J84 0. 343 O. J 51 
6 O. J06 0 .029 0 .057 0.060 O. J21 0. 371 O.J69 O. J6J 
7 0. 217 0 .026 0 .052 0.070 0. )17 0. 348 0 .334 0. 393 
8 0 . 178 0. 022 0.055 0. 061 0. 319 0. 340 0. 327 O. J30 
9 0. 208 0. 021 0. 056 0. 111 0. 286 0. 293 0.329 0. 312 
10 0. 173 0 . 025 0. 056 0. 081 0.256 0. 312 0 . 362 0.)19 
11 0. 171 0.024 0.040 0. 070 0. 347 0. 376 0 . 335 0.312 
12 0. 161 0 . 018 0.024 0.098 0. 352 O. J32 0. 359 0. 342 
13 0.174 0.030 0.038 0.068 O.J05 0. 294 O. J38 O. J56 
14 0. 217 0.020 0.039 0.142 0.258 0. 334 0.424 O. JJO 
15 0.264 0. 025 0. 056 0.105 0 • .375 0.345 0. 349 
16 0 .181 0. 021 0. 047 0. 109 0. 316 O.J.36 0 • .375 
17 0. 259 0. 021 0 . 045 0.083 0. )61 0. 304 0.410 
18 0 . 187 0. 025 0. 046 0. 118 0.308 0.371 0.424 
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Table 6 (Continued) 
Dry Weigrt in Gr ams 
No. Control 
- 1 
10 10 
- 2 10-3 10-4 10-5 10-6 10- 7 
19 0.213 0.032 0.053 0.120 0.386 0.246 
20 0.229 
Total 4. 387 4 . 771 0. 878 1. 701 5. 895 6.241 6.462 4. 763 
Mean/- 0.219 0. 025 0.046 0 . 090 0.310 0.329 'J. 359 0. 340 
b be c de def f ef 
~ean values followed by the same letter have no significant difference 
at t he 5% level on Duncan's new mul tiple-range test. 
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DISCUSSION 
Benlate progressively eradicated t he mycelium of g. striiformis 
in new host ~issue . Systemic activity of Benlate is subject to time 
and concentration. Reduction in reoccurrence of stripe-smutted plants 
was significant following two weeks exposure to Benlate, indicating that 
uptake and inhibition of 1I· striif'ormis in treated plants was relatively 
rapid. Eradication of g. striiformis occurred after four weeks of exposure 
to 14.18 grams per centimeter2 (0.5 oz./1000 ft. 2 ) . (~able 1). Sections 
through nodes of treated plants also confirmed these findings (Table 5) . 
Halisky et al. (16) and others (3, 28) f ound that several field appli-
cations of Benlate were necessary to reduce reoccurrence of stripe smut 
in Merion Kentucky bluegrass. It is probable that field contr ol necessi-
tates multiple applications before all stripe-smutted plants are exposed 
to the fungicide. Du Font's data on Benlate also indicates that it is 
most effective in potted soils (9). 
Benlate-induced growth changes in !· palustris were evident in dry 
matter and stolon production. Increasing r ates of Benlate resulted in 
progressively less dry matter pr oduction among healthy and control 
plants (Table J). At t he same time, s t olon pr oduction increased among 
all plants (Table 4). It appears that Benlate inhibits total growth, and 
at t he same time stimulates stolon proliferation. No immediate explanation 
can be provided f or the increase in dry matter and stolon proliferation 
in both control and treated str ipe- smutt ed pl ants; however, s tolon 
proliferation caused by Q. striiforrnis has been reported by Hodges (25). 
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Torgenson (47) states that systemic fungicides must alter the 
physiology of the plant to prevent new infections and halt development. 
of pathogens already present in th~ host. Peterson and Edgington (39) 
revorted that Benlate breaks down into methyl 2-benzimidazolecarbe.mate 
(MBC) in aqueous solution and in plants. Bdgington and Peterson (8) 
reported that benzi.midazole alone i s nontoxic; a methyl carbarnate side 
chain is necessary for toxicity. Benzimidazole, according to Woolley (48), 
Kapoor, and Waygood (JO) inhibits t he production of nicotinamide adenine 
dinucleotide (NAD). NAD is important in both respiration ar.d electron 
transport. Kapoor and Waygood's study also found th~t benzimidazole had 
an effect on amino acid protein synthesis, especially in monocots. It 
is possible that the metabolites of Benlate in !· palustris may inhibit 
N.AD and subsequently dry matter pro(luction . Schroeder and Provvidenti 
(41) found more efficient UJ..itake in young plants or actively growing 
tissues . If Benlate has a stimulatory effect on meristems , t hese 
characteristics might exp.lain why stolon proliferation increased a."'!long 
all treated plants . 
In vitro concentra tions of Benlate r angi ng fror.: 10-4 to 10- 7 grams 
per plate stimulated Q. striiformis (Table 6). Other research supports 
this observation; Solel (43) found that abnormal numbers of germ tubes 
were produced by Cercospora beticola Sacc. at low concentrations of Benlate. 
Apparently, Benlate can be stirrulatory at low concentrations . Although 
these are ~ vitro observations, t he possibility of pathogen resistance 
or tolerance is suggested. Peterson and Edgingt on (40) found that Benlate 
is transloco.ted to leaf tips , or accumulates in l euf margins . It i s 
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possible , therefore, that very low concentrations of the fungicide 
may exist in remaini ng portions of t he plant . The presence of g. 
stri iformis in such a low concentreti on area mi ght contribute to increased 
tolerance or res istance of t he pathogen t o Benlate. 
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SUNMARY 
Benlate eradicated g. strii~ormis from !· £alustris at rates 
below those previously reported for field control. Rate of application 
and time of exposure to Benlate interacted to eliminate the pathogen 
from new host tissue. Rates equivalent to 0.25 ounces/1000 ~2 of active 
Benlate failed to eliminate symptoms of g. striiformis from all treated 
plants after 5 weeks, while rates equivalent to 0.50 ounces/1000 rt2 
eradicated stripe smut from all plants after 4 weeks . Histopathological 
examination supported t his observation; nodes of newly developed stolons 
of treated plants were devoid of Q. striiformi s. Increa sing rates of 
Benlate r esulted in decreases in dry matter production among all plants, 
however, stripe- smutted plants usually produced more dry matter than 
healthy plants in all treatments. All treated plants displayed abnormal 
stolon proliferation; l ow r a tes stimulated healthy plants and high 
rates stimulated stripe-smutted pl ants . Decreases in dry matter occurred 
in in ill!:£ cultures of g. st r iiformi s using concentrations of 10- 1 to 
- 3 ~ -7 
10 grams of Benla te/pl ate . Concentrations of 10 to 10 increased 
dry matter production over that of controls. 
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